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Presentation Outline

•Background on TOF MS

•Water sampling effort; 
•routine analysis UPLC-MS/MS; 
•discovery TOFMS (SETAC 2012 Long Beach CA)

•Tools used for identification of novel polyfluorinated compound in 
surface water

•Sequential water sampling locations
•Non-targeted screening
•Negative mass defect
•Kendrick mass transformation plots 
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LCGC North America Vol 22 Number 2 February 2004 MS The Practical Art 
Michael Balough “Debating Resolution and Mass Accuracy”

FWHM = Full Width at Half-Height Maximum

Ex. Mass Accuracy (Tune)

1633.9498 - 1633.9395 = 0.0103

0.0103 / 1633.9498 10^6 = 6.3 ppm 

Ex  Resolution (Tune)

1633.9395 / 0.0661 = 24, 720

Resolution in mass spectrometry is the ability 
to differentiate a detected ion from any other
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The monoisotopic mass is the sum of the masses of the atoms in a 
molecule using the unbound, ground-state, rest mass of the principal 
(most abundant) isotope for each element instead of the isotopic average 
mass.

Ex. Carbon 12C (98.9%), 13C (1.1%), 14C
Hydrogen 1H (99.99%), 2H (0.001%), 3H
Nitrogen 14N (99.63%), 15N (0.37%)
Oxygen 16O (99.76%), 18O (0.2%)
Phosphorus 31P (100%)
Sulfur 32S (95.02%), 34S (4.21%)…(25 isotopes; 4 stable) 
Fluorine 19F (100%)
Chlorine 35Cl (75%), 37Cl (25%)
Bromine 79Br (50.7 %), 81Br (49.3%)

Monoisotopic Mass (Accurate mass) 

Kind and Fiehn, BMC Bioinformatics 2007
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Accurate Mass – Nominal Mass = Mass Defect 

Ex. PFOA Nominal Mass: 414 Da
Accurate Mass:  413.973702 Da

413.973702 - 414 = -0.026298

J Mass Spectrom. 2012 Feb;47(2):226-36. doi: 
10.1002/jms.2953. The use of mass defect in modern 
mass spectrometry. Sleno L.
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http://www.ncbi.nlm.nih.gov/pubmed/22359333
http://www.ncbi.nlm.nih.gov/pubmed?term=Sleno%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22359333
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Formula Mass C H N O P S Cl F
12.000000 1.007825 14.003074 15.994915 30.973762 31.972071 34.968853 18.998403

C8H18 114.1408506 8 18
C8H16O2 144.1150298 8 16 2
C8HO2F15 413.9737023 8 1 2 15
C8HO3F15 429.9686169 8 1 3 15
C8HO3SF17 499.937494 8 1 3 1 17

Octane
Octanoic acid

PFOA
Perfluoro-4-ether-octanoic acid

PFOS

114.1408506
144.1150298
413.9737023
429.9686169
499.937494

Negative Mass Defect: Per- and 
Poly- fluorinated Compounds

Mass fragments of per and poly fluorinated compounds conserve negative mass defect



Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

•Background on TOF MS

•Water sampling effort; 
•routine analysis UPLC-MS/MS; 
•discovery TOFMS

•Tools used for identification of novel polyfluorinated compound in 
surface water

•Sequential water sampling locations
•Non-targeted screening
•Negative mass defect
•Kendrick mass transformation plots 

Presentation Outline
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Nakayama et al. 2007 ES&T 41:5271-5276

Water Sampling Cape Fear River, NC
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Fayetteville, NC (Cape Fear River)
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Water samples obtained 
February 2012

•Waters WAX SPE 

Analysis by:
• (a) UPLC MS/MS routine 

monitoring PFCs

• (b)TOFMS discovery
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Analyte 001 002 003 004 005 006 007 008 008 009

C4 23 502 3761 6 4 0 8 7 5 3
C5 441 5607 43590* 17 9 1 32 46 12 9

PFBS 4 5 3 4 5 2 9 5 6 4
C6 17 90 434 18 12 2 27 16 18 14
C7 37 599 3873 14 17 0 11 20 21 9

PFHS 7 12 10 9 7 4 9 10 9 22
C8 32 39 71 33 25 2 38 36 41 18
C9 13 34 127 7 11 1 6 8 11 5

PFOS 19 27 26 17 23 0 0 16 18 14
C10 10 17 12 11 0 3 3 8 10 5

items in red exceed the standard curve high end of 500 ng/L; 10x diluted and re-analyzed; * still exceed curve and are estimated

Traditional PFCs found in Cape Fear Water

Stream Flow
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•Background on TOF MS

•Water sampling effort; 
•routine analysis UPLC-MS/MS; 
•discovery TOFMS

•Tools used for identification of novel polyfluorinated compound in 
surface water (update of SETAC 2012 Long Beach CA)

•Sequential water sampling locations
•Non-targeted screening
•Negative mass defect
•Kendrick mass transformation plots 

Presentation Outline
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Workflow for TOFMS Discovery
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Control sample; CFR 004 Upstream

Experiment; CFR 002 Downstream

Size of circle proportional to peak area; 
typical usage dosed vs. non-dosed animals

Mass Profiler - Agilent

100 largest peaks; each sample
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PFBA
PFPeA

PFHpA

Experiment; CF 002 Downstream

Most Have Negative Mass Defect; some appear at same RT 

What are all of these compounds?
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Mass Defect Plot TOFMS data 
Accurate Mass – Nominal Mass = Mass Defect  

+ mass defect

- mass defect

n=483 peaks; both sample
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Molecular Formula  = C6F11O3
Formula Weight  = 329.0453838
Composition  =  C(21.90%) F(63.51%) O(14.59%)
Monoisotopic Mass  = 328.967728 Da
[M-H]-  = 327.960451 Da

Target Compound CAS # 13252-13-6

Identified polyfluorinated compound (U2M3OHxA)

-3(CF2) = 178.9733
-2(CF2) = 228.9741
-(CF2) = 278.9709
+(CF2) = 378.9645 
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Synquest Laboratories - Undecafluoro-2-methyl-3-oxahexanoic acid

(Strynar et al., SETAC 
2012 Long Beach CA)
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ADONA

Industry Movement towards shorter chain 
poly- fluorinated replacement compounds

•Replacement for APFO 
•Reduced toxicity, biological accumulation, persistence? 

dosed rats

Wang et al., 2013 Environment 
International 60 (2013) 242–248
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m/z Extracted Ion Chromatograph (EIC)

328.9677

Standard or extracted water,
same spectra. m/z 328 LOW

329 * 2 = 658-CO2C3F7
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Difference Between Peaks

Na+ (22.9892)
-H+ (1.0073)

= 21.9819

Key TOFMS Information

21.9819

[M-H]- [M-H]-
H+

[M-H]- [M-H]-
Na+
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Isotope Cluster Scoring
Ex. C12 H F22 O6

1.  Accurate mass [M]

2.  Isotope Abundance [%]
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13%
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3.  Isotope Spacing [m/z]
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2[M-H]- Na+

[M-H]- [M]

[M]

Fragment 1

Fragment 2
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Homologous series: [M-H]-, [M2-H]-, [M-H]-2Na+, 

-3(CF2)

-2(CF2)

-(CF2)

All have 21.9819 m/z offset peaks



Office of Research and Development
National Exposure Research Lab/ Human Exposure and Atmospheric Science Division

 

[M-H]- = C6 F11 O6
m/z = 376.9525

H+

Additional Polyfluorinated Compounds

Continued to see 21.9819 m/z offset peaks

+/- CF2 showed no peaks

[M-1]/2
754/2~377

[M-22]/2
777-22/2~377
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2[M-H]- Na+

[M-H]- [M]

[M]

Fragment 1

2[M-H]- Na+ H2O

No spectra available
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Molecular Formula  = C6HF11O6
Monoisotopic Mass  = 377.959748 Da
[M-H]-  = 376.952472 Da

Molecular Formula  = C5HF9O5
Monoisotopic Mass  = 311.968027 Da
[M-H]-  = 310.96075 Da

Molecular Formula  = C4HF7O4
Monoisotopic Mass  = 245.976306 Da
[M-H]-  = 244.969029 Da

Molecular Formula  = C3HF5O3
Monoisotopic Mass  = 179.984585 Da
[M-H]-  = 178.977308 Da

Homologous series NOT offset by CF2 BUT CF2O
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754.9138

1176.8353

1576.7769

200.9795
1297.9532285.2076 418.9414 688.9220573.3179 862.8761 1510.78361110.8436117.9031 1662.7571952.1048 1391.6219

[M2-H]-

[M2-2H+Na]-776.8953

[M3-3H+2Na]-
[M4-4H+3Na]-

[M-H]-376.9625

Counts vs. Mass-to-Charge (m/z)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

Additional n-mers*

Trier, X.; Granby, K.; Christensen, J. H., Tools to discover anionic and nonionic polyfluorinated alkyl 
surfactants by liquid chromatography electrospray ionisation mass spectrometry. J. Chromatogr. A 
2011, 1218, (40), 7094-104.

*

Proton Bound Dimer

Sodium Bound Dimer

Sodium Bound Trimer
Sodium Bound Tetramer

[M-H]-
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https://edm.nc.gov/DENR‐Portal/
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• Nafion is a sulfonated tetrafluoroethylene 
based fluoropolymer-copolymer.

• proton conductor for proton exchange 
membrane (PEM) fuel cellsF

F

F
F

O F

F

F

F F

F

O

F

F

F

SO
O

OH
F

F

F

F

Molecular Formula  = C7HF13O5S
Monoisotopic Mass  = 443.93371 Da
[M-H]-  = 442.926433 Da

Nafion
http://www.chemspider.com/Chemical-Structure.55751.
html?rid=adf15395-d088-4a3b-9df8-3298ea7c800b
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CFR004 & upstream 

CFR003 & downstreamF
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Molecular Formula  = C7HF13O5S
Monoisotopic Mass  = 443.93371 Da
[M-H]-  = 442.926433 Da

This polyfluoro sulfonates does not show H+ and Na+ bound dimers
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Kendrick Mass (F) = (observed mass) X Nominal mass F
Exact mass F

Kendrick Mass Defect Transformations

If (F) = CF2
Nominal mass F
Exact mass F

50
49.99681=

http://en.wikipedia.org/wiki/Kendrick_mass 

Kendrick, Edward (1963) Anal. Chem. 35 (13) 2146-2154
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Kendrick Kendrick
RT mass [M-H]- Nominal Mass CF2 mass mass defect

4.969 499.9384 498.9306 499 499.9702981 0.970298105 PFOS sulfonates
5.428 599.9323 598.9245 599 599.9705781 0.970578123 PFDS
4.745 449.9419 448.9341 449 449.9706081 0.970608125 PFHpS
3.649 299.9515 298.9437 299 299.9706381 0.970638127 PFBS
4.96 500.9354 499.9276 500 500.9673617 0.967361718 4-4 phosphinic phosphinic acids
5.424 600.929 599.9212 600 600.9673417 0.967341716 4-6 phosphinic
5.789 700.9226 699.9148 700 700.9673217 0.967321715 6-6 phosphinic
6.236 800.9162 799.9084 800 800.9673017 0.967301714 6-8 phosphinic
6.65 900.9099 899.9021 900 900.9673817 0.967381719 8-8 phosphinic
1.619 213.9872 212.9794 213 214.0008533 1.000853254 C4 carboxylic acids
3.314 263.9843 262.9765 263 264.0011433 1.001143273 C5
5.202 513.9684 512.9606 513 514.0011933 1.001193276 C10
4.973 463.9716 462.9638 463 464.0012033 1.001203277 C9
4.733 413.9748 412.967 413 414.0012133 1.001213277 C8
4.111 313.9812 312.9734 313 314.0012333 1.001233279 C6
4.461 363.9784 362.9706 363 364.0016233 1.001623304 C7
5.194 527.9697 526.9619 527 528.0033866 1.003386616 8:2 FtS telomer sulfonates
4.707 427.9764 426.9686 427 428.0037066 1.003706636 6:2 FtS
1.618 169.9972 168.9894 169 170.0080465 1.008046513 C4 -CO2 decarboxylated  acids
3.314 219.9944 218.9866 219 220.0084365 1.008436538 C5 -CO2
4.461 319.9882 318.9804 319 320.0086165 1.00861655 C7 - CO2
4.973 419.9819 418.9741 419 420.0086966 1.008696555 C9 -CO2
4.733 369.9851 368.9773 369 370.0087066 1.008706555 C8 -CO2
5.203 469.9788 468.971 469 470.0087866 1.008786561 C10 -CO2
4.111 269.9916 268.9838 269 270.0088266 1.008826563 C6 - CO2

Kendrick Mass Defect Standards Example
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Kendrick Mass Defect Water Example

CF2O = 
66/65.9917

CF2 = 
50/49.9968

Kendrick Kendrick Kendrick Kendrick
RT mass abundance [M-H]- Truncate CF2 mass CF2O mass CF2 mass defect CF2O mass defect

5.956 659.9511 1180704 658.94326 659 659.9932076 660.0341043 0.993207567 1.034104289
6.457 427.9738 282118 426.96596 427 428.0011065 428.0276277 1.001106471 1.027627717
6.391 363.9775 186936 362.96966 363 364.0007232 364.0232787 1.000723246 1.023278685
5.957 285.986 1238114 284.97816 285 286.0042471 286.0219694 1.004247071 1.021969429
5.721 313.9809 200183 312.97306 313 314.0009333 314.0203904 1.00093326 1.020390443
4.836 235.9889 468738 234.98106 235 236.0039571 236.0185811 1.003957052 1.018581125
5.959 169.9972 4941059 168.98936 169 170.0080465 170.0185811 1.008046513 1.018581125
6.724 407.9672 232753 406.95936 407 407.99323 408.0185114 0.993229968 1.018511419
5.957 681.9325 349823 680.92466 681 681.9760101 682.018269 0.976010069 1.018268964
6.218 251.9841 823874 250.97626 251 252.0001776 252.0157929 1.000177611 1.015792895
5.642 623.9373 20040470 622.92946 623 623.9771097 624.0157747 0.97710974 1.015774711
7.47 185.9921 573863 184.98426 185 186.0039671 186.0154929 1.003967053 1.015492857

7.715 185.9921 208707.5 184.98426 185 186.0039671 186.0154929 1.003967053 1.015492857
6.898 317.9754 196199 316.96756 317 317.9956881 318.0153928 0.995688125 1.015392845
3.488 491.9534 10280580 490.94556 491 491.9847886 492.0152746 0.98478863 1.015274648
2.123 185.9918 284450.5 184.98396 185 186.003667 186.0151928 1.003667034 1.01519282
7.195 887.9035 316093 886.89566 887 887.9601519 888.0151746 0.960151858 1.015174636
6.591 755.9199 4008623 754.91206 755 755.9681308 756.0149746 0.968130767 1.01497461
5.959 213.9868 244065 212.97896 213 214.0004532 214.0137138 1.000453229 1.013713846
5.647 201.987 1954889 200.97916 201 201.9998876 202.0124046 0.999887593 1.01240459
3.484 201.9868 9910121 200.97896 201 201.9996876 202.0122046 0.99968758 1.012204565
5.412 295.974 239605.5 294.96616 295 295.9928843 296.0112257 0.992884346 1.011225654
1.132 163.9902 1945855 162.98236 163 164.0006632 164.0108256 1.000663242 1.010825604
0.938 113.9938 3504415 112.98596 113 114.0010733 114.0081374 1.001073268 1.008137387
1.268 179.9849 4011200 178.97706 179 179.9963838 180.0075373 0.996383769 1.007537312

(Cape Fear River Water)
upstream
downstream
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